Abstract
Introduction

16
Processed meat refers to meat that has been transformed through salting, curing, smoking or other processes to enhance flavour or extend shelf-life (Bouvard et al., 2015) . This food category
In relation to the research instrument, apart from the conjoint study, the questionnaire included 106 15 questions concerning: consumption habits of processed meat, use of functional food (i.e. food 107 products enriched with healthy ingredients) and dietary supplements; general food choice 108 motives; strategies for improving the health profile of processed meat; and socio-demographics.
109
To examine consumers' general food choice motives, especially their interest in healthy food and 110 convenience food, scales from an adapted version of the validated food choice questionnaire 111 were used (Naughton, McCarthy, & McCarthy, 2015; Steptoe, Pollard, & Wardle, 1995) 112 (Supplemental Table 1 ). A pilot test was carried out with a total of 16 volunteers recruited from 113 University College Dublin (UCD) to ensure that questions were easily understood, the 114 experimental design of the conjoint study was user-friendly, all information on the product 
Conjoint analysis design
120
To fulfil the study objectives, a conjoint study was conducted. The term 'conjoint' originates 121 from two words 'considered jointly', which illustrates the fundamental idea behind this 122 technique: consumers consider products as bundles of attributes and trade off one for another 123 (McCullough, 2001) . By presenting a set of 'complete' products described by a group of 124 attributes (product features), conjoint analysis uncovers the essential trade-offs consumers 125 consciously or unconsciously make when judging and purchasing products. Conjoint analysis is 126 generally considered to be suitable for assessing consumer acceptance of and preferences for 127 novel food products, and it has been widely applied in healthier food and functional food related 128 consumer studies (Annunziata & Vecchio, 2013; Ares & Gambaro, 2007 (Rao, 2014 , Green, Krieger & Wind, 2001 . The current study selected the 143 rating-based conjoint analysis for two reasons. First, this method can generate utility scores at the 144 individual-level, which was desirable for the subsequent consumer segmentation. In addition,
145
since the study involved an early stage in the development of healthier processed meat, it focused 146 on the broad product concept, by including multiple types of processed meats, rather than on a 147 particular type of product. In comparison with choice-based conjoint analysis, traditional rating-148 based conjoint analysis allowed us to address multiple types of processed meats without making 149 the questionnaire too long.
150
The first step in designing the conjoint analysis study involved the identification of attributes and 151 attribute levels for compiling product profiles. Based on the research questions and literature, 152 four attributes were selected (Table 1) . With reference to the first attribute -'base meat product ', 153 three meat products that are popular in many western countries (ham, sausages and beef burgers)
154
were selected due to the high consumption level and familiarity among the population of interest 155 (Cosgrove, Flynn, & Kiely, 2005; Verbeke, Perez-Cueto, de Barcellos, Krystallis, & Grunert, 156 2010). These products include examples of a cured meat, a comminuted meat product (i.e.
157
sausage type meat products containing a mixture of semi-lean meat and non-meat ingredients) 158 and include two meat species (i.e. beef and pork) (FAO, 2008) .
159
Salt and fat reduction and enrichment with healthy ingredients were selected as examples of 160 reformulation strategies because they can be applied to most processed meat products. For the 161 attribute 'salt and/or fat content', two levels were specified. Given that the base meat products 162 included in this study differed in the content of these nutrients (Bolger et al., 2017; Pereira & 163 Vicente, 2013), the 'reduced' claim was adapted for each meat product. For instance, for sausage products, the claim was introduced as 'reduced fat, reduced salt'; for ham products 'reduced salt'; 165 and for beef burger 'reduced fat'.
166
With regard to the attribute 'healthy ingredients', omega 3 and vitamin E were selected based on 167 the fact that they were among the most common ingredients in the functional food market (Lalor, In line with previous studies, 'price' was adopted as the fourth and final attribute (Annunziata & 172 Vecchio, 2013; Bech-Larsen & Grunert, 2003; Cox, Evans, & Lease, 2007; Teagasc, 2012) .
173
There are two common approaches to setting appropriate price levels. The first approach 174 involves the specification of an exact price (Annunziata & Vecchio, 2013; Bech-Larsen & 175 Grunert, 2003; Cox et al., 2007; Sorenson & Bogue, 2005; Teagasc, 2012 Grunert, 2003; Cox et al., 2007 Cox et al., , 2011 . In line with this approach, three levels were specified in 184 the current study: average price, average price + 10% and average price + 20%. A lower price 185 was not considered, because healthier reformulations will likely increase the price of the product 186 (Bolger et al., 2017; Colmenero, 2000; Grasso et al., 2014) .
187
In total, 54 product profiles were generated from the full-profile design. In order to reduce 188 respondent burden, a fractional factorial orthogonal design was performed using the Statistical profiles generated were listed in Table 2 .
191
Product profiles were presented to respondents as conceptual cards (see Fig.1 questions: "How likely or unlikely are you to buy this product?" (1="not at all likely to buy", 7="very likely to buy"); "How healthy or unhealthy do you perceive this product to be?" (1="not 195 at all healthy", 7="very healthy"); and "How tasty or not tasty do you perceive this product to 196 be?" (1="not at all tasty", 7="very tasty"). The selection of these three dependent variables, the 197 wording of these questions, and the measurement scales were based on our research objectives Ward's method was employed because it can generate consumer groups with the best within-216 group homogeneity (Punj & Stewart, 1983) . To determine the number of clusters, a dendrogram 217 (i.e. a tree map that shows how respondents are gradually merged into clusters) was inspected 218 (Ketchen & Shook, 1996) . A one-way ANOVA with post-hoc tests was conducted to examine 219 between-cluster differences in the part-worth utilities, and food choice motivations. Chi-square 220 tests were employed to examine between-cluster differences in socio-demographic and food 221 consumption habits.
Results
224
Of the 503 participants who completed the online study, 21 respondents were excluded from the 225 analysis because of their unrealistically short time for completion and careless responses (i.e.
226
consistent patterns of answers to every question). This yielded a final sample of 481 respondents.
227
The social demographic background information and processed meat consumption habits of the 228 final sample is summarised in Tables 3 and 4 . A comparison of the sample with the national 229 population is presented for some socio-demographic characteristics in Table 3 .
230
The final sample included 202 male (42%) and 279 female participants (58%) across different 231 age groups throughout Ireland. It was not a perfectly representative sample of the Irish 232 population but, this was expected given that the study focused on a specific subset of behaviours 233 and only those who bought processed meats for themselves or their families were recruited. A 234 majority of respondents were regular consumers of functional foods (71%), dietary supplements 235 (64%), and food products that were low salt or low fat alternatives (76%). All respondents 236 purchased or consumed the indicated processed meat products. The proportions of frequent 237 eaters (at least once a week) were 76% for ham, 51% for pork sausages, and 26% for beef 
Conjoint analysis results
241
Part-worth utilities of attribute levels (i.e. the relative preference score computed for each 242 attribute level), and the relative importance of attributes were estimated for each respondent, and 243 the mean values are summarised in Kendall's tau suggest that the conjoint analysis outcomes fit the data well. The differences 245 between attributes and between levels under each attribute were examined using a series of one-246 way repeated measures ANOVA with Bonferroni's post-hoc test.
247
Results indicated that base meat product, salt and/or fat content, healthy ingredients and price all 248 influenced consumer intention to purchase processed meats. Among these four attributes, price 249 (30%) and base meat product (27%) were the most important, followed by healthy ingredient 250 (24%), and then salt and/or fat content (19%) (p<0.001). A close inspection of the utility scores 251 of attribute levels showed that a lower price was significantly preferred over a higher price (p<0.001), therefore hypothesis 1 was supported. It is worth noting that the decrease in purchase 253 intention with price was not linear; i.e., the impact of a 20% price increase was three times the 254 impact of a 10% price increase. Ham and sausage products were significantly preferred over beef 255 burgers (p<0.001), and salt and/or fat reduced was significantly preferred over normal (p<0.001).
256
In relation to healthy ingredients, omega 3 was preferred over none, but the difference between 257 these two (none vs omega 3) was not significant (p=0.306). Of the three ingredient options 258 (omega 3, vitamin E, none) vitamin E was least preferred, with a negative utility score.
259
In relation to perceived healthiness, base meat product (27%), healthy ingredient (26%) and price 260 (25%) demonstrated almost equal importance, while salt/fat content (22%) was deemed In terms of taste expectation, base meat product had the highest relative importance (32%), 270 followed by healthy ingredient (26%) and price (25%) and then salt fat content (17%). Vitamin E 271 and omega 3, to different extents, negatively influenced the taste expectation. Products with 272 reduced salt and/or fat were perceived as less tasty as normal products, but the difference was not 273 significant (p=0.064). Together, this indicates healthier reformulations would not necessarily 274 suggest taste compromise to consumers; therefore, hypothesis 4 was not fully supported. 
Consumer segmentation
277
Based on part-worth utilities derived from the conjoint analysis using purchase intention as the 278 dependent variable, three clusters of respondents were identified as shown in Table 6 . A one-way
279
ANOVA showed that all clusters differed significantly from each other with respect to the 280 relative importance of attributes and preferences of attribute levels. Cluster 1 included 28% of respondents. Compared to the other two clusters, this consumer segment assigned a much higher 282 importance on base meat product (36%) and a much lower importance on salt and/or fat content 283 (14%). Cluster 1 preferred sausages over ham and beef burgers and preferred conventional 284 products over reformulated products, which was reflected in the negative utility scores associated 285 with salt and/or fat reduction and the addition of either omega 3 or vitamin E. Cluster 1 was 286 designated as 'uninterested in reformulations'. Clusters 2 and 3, grouping 39% and 33% of 287 respondents, respectively, were similar in terms of their preference patterns. Both clusters were 288 in favour of salt and/or fat reduction, and the addition omega 3. Furthermore, both clusters 289 preferred ham over sausages and beef burgers. What differentiated these clusters was that cluster 290 2 assigned a higher mean relative importance towards healthy ingredients (27%). In comparison,
291
cluster 3 assigned a higher mean relative importance towards price (37%) and a higher utility 292 score for salt and/or fat reduction. Cluster 2 was designated as 'reformulation supporters', and 293 cluster 3 'price-sensitive reformulation supporters'.
294
Clusters were then profiled in terms of social-demographic characteristics, food consumption 295 habits and food choice orientations. Between-cluster differences were examined using chi-296 squares tests and one-way ANOVA tests (Table 7 ). Significant differences were found for the 297 variables age 18-34 (p<0.01), age 55 and above (p<0.05) and obesity (p<0.05). It is clear that 298 cluster 1 had the lowest proportion of obese consumers, whereas cluster 2 included fewer young 299 consumers and more mid-aged and elderly consumers. Cluster 3 was characterised by the 300 opposite age distribution (i.e. more young consumers and fewer mid-aged and elderly consumers) 301 and a higher proportion of consumers who reported their weight as in the obese category. In relation to the strategy of adding healthy ingredients, the current study shows that consumer 320 did not demonstrate unconditional acceptance of this strategy. Their purchase intention depends 321 on the type of ingredient that is to be added. Omega 3 was preferred over vitamin E, perhaps 322 because omega 3 was perceived to be more associated with animal-based foods such as meat has been debate about whether or not the healthy ingredients would create a 'magic bullet' or 329 'halo' effect (Cornish, 2012; Orquin, 2014) . Using processed meat as an example, the current 330 study has demonstrated that healthy ingredients did significantly improve the health perception; 331 however, base meat product was considered equally important.
332
Cluster analysis based on the utility scores of product attribute levels resulted in three clusters 333 with different preference patterns. This confirmed that the preference for conventional and 334 reformulated processed meats is not homogeneous across consumers. Cluster 1 was reluctant to 335 accept any healthier reformulations. Their preference for sausages (rated the most tasty product 336 by respondents) and their lower than average use of dietary supplements revealed that for this 337 cluster, taste (as opposed to health) was their main purchase motivation for processed meat.
338
Cluster 2 and 3 expressed preference for salt and/or fat reduction and for the addition of omega 3, 339 which indicates that either reformulation strategy would be of interest to them. Considering 340 cluster 2 assigned more importance on the healthy ingredient attribute, the 'adding' strategy is likely to be more effective for this cluster. In comparison, the reduction strategy combined with 342 an average price is likely to be more effective for cluster 3 given their significantly higher utility closer to 'pure' meats; in other words, they might be reluctant to accept more ingredients being 357 added to meat (Korzen, Sandoe, & Lassen, 2011) .
358
The present study is not free from limitations. The consumer survey was not combined with processed meat, consumer surveys should be combined with sensory tests, and conventional 378 processed meat products available in the market should be included, so that consumer 379 willingness to choose healthier processed meat products can be more accurately predicted. 
Conclusions
382
The results of this study indicate that consumer purchase intention for processed meat products 
606
*Sample sizes varied for each column because respondents who provided equal scores on all product profiles cannot 607 be included in the analysis. Table 6 610 Cluster analysis base on the pattern of individual utilities in relation to purchase intention. 
